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ABSTRACT

The spectrophotometric thiocyanate determination of molybdenum without
extraction was applied to uranium alloys. It was shown to be rapid, acs
curate, and free from interferences by alloying elements. A detailed
procedure is given for the determination of molybdenum in uranium alloys.
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INTRODUCTION

Molybdenum in steels, iron, and other materials may be determined
gravimetrically by preciEitation with hydrogen sul fidel or, by precipitation
with alpha-benzoinoxime. It is also determined volumetrically,® spectro-
graphically,4 and by X-ray fluorescence. Ordinarily it is determined
spectrophotometrically, usually as the thiocyanate complex.

Since molybdenum-uranium alloys have recently been developed, a rapid
yet accurate method for the determination of molybdenum in these alloys is
required.

There is little information in the available literature concerning the
determination of molybdenum in uranium alloys. Several methods are men-
tioned by Rodden,6 but the details are sketchy., Milner and Bacon?! describe
a spectrophotometric method for binary alloys of molybdenum and uranium
using "high precision spectrophotometry;" this, however, was not of general
application to rapid analyses of other types of uranium alloys. Milner,
Barnett, and Bacon® give details of a spectrophotometric-thiocyanate method
for molybdenum in uranium-columbium-molybdenum alloys. This method was of
particular interest since a spectrophotometric-thiocyanate method without
extraction has been employed routinely at the Watertown Arsenal Laboratories
for a considerable time for the analyses of molybdenum in steel? and in ti-
tanium. 10 Since the method of Milner, Barnett, and Bacon differs consider-
ably from the Watertown Arsenal Laboratories method in regard to reagents
and other details, it was not considered desirable to introduce this method
to the laboratory and to test it for suitability to other types of uranium
alloys. Consequently, the Watertown Arsenal Laboratories spectrophotometric-
thiocyanate molybdenum determination was modified to adapt it to the analysis
of uranium alloys and tested for precision and accuracy in the presence of a
number of alloying elements.

EXPERIMENTAL DATA

Procedure

The procedure for the determination of molybdenum is essentially as
follows: a sample is dissolved in hydrochloric and nitric acids, followed
by fuming with perchloric acid. Ferric iron is added to act as an oxidation-
reduction buffer, and the molybdenum thiocyanate color is developed with the
addition of stannous chloride and sodium thiocyanate. Measurement of the
color is described below.

Apparatus and Reagents

All measurements were made with a Beckman Model B Spectrophotometer
using l-cm rectangular cells. All reagents were of Reagent Grade.



Choice of Wavelength

Molybdenum thiocyanate solutions show a maximum absorbance at about
460 mu, and absorb strongly even at wavelengths well over 510 mu. The
absorbance curve of molybdenum thiocyanate and uranium thiocyanate are
given in Figure 1. The absorbance of a uranium thiocyanate solution is
appreciable at 460 mu, the wavelength of maximum absorbance by molybdenum
thiocyanate, but diminishes to a low value at wavelengths of 510 my or over.
The uranium concentration of 5 mg per ml is at least ten times the concen-
tration which is present in a determination of alloying quantities of
molybdenum. The absorbance of uranium in an actual determination will be
less than that shown in Figure 1 by a factor of at least 10. )

Two choices of wavelength for measurement of the molybdenum thiocyanate
complex in uranium solutions are possible., The wavelength of maximum ab-
sorbance, 460 mu, will give maximum sensitivity. This is undesirable for
two reasons: first, a sample blank must be run for each alloy to compen-
sate for the absorbance of uranium at this wavelength, and, second, the
high sensitivity at this point will necessitate the use of a very small -
sample in order to keep the absorbance down to a .measurable level. The
other alternative is to employ a wavelength at which the absorbance of
the uranium thiocyanate is negligible and the absorbance of molybdenum-
thiocyanate is still high enough for adequate sensitivity, The wavelength
of 510 mi was selected as meeting these requirements satisfactorily.

Conformance to, Beer’s Law

Having selected the wavelength of 510 mu it was necessary to test
experimentally the relationship of absorbance at this wavelength and the
concentration of molybdenum thiocyanate. Ideally, if Beer’'s law is fol-
lowed, the absorbance of a solution will be directly proportional to the
concentration of the colored specjes being measured. There are many
deviations from this law caused by many factors, both instrumental and
chemical, so that its applicability can never be assumed.

Molybdenum in the form of a solution of ammonium molybdate was added
to aliquots of a uranium solution, which contained 25 or 50 mg of uranium,
as shown in Table I. These synthetic samples of uranium-molybdenum alloys
were then treated to develop the molybdenum thiocyanate complex, and the
absorbance of each was measured at 510 mu., Aside from experimental variation,
the ratio of milligrams of molybdenum to absorbance is found to be constant
and, consequently, to follow Beer’s law. Thus it is possible at all concen-
trations to relate the milligrams of molybdenum to absorbance by the constant
factor of 1.52,
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TABLE I
CONFORMANCE TO BEER’S LAW

Uranium Molybdenum —Bg Mo
mg ng Absorbance Absorbance |
S0 .099 .065 1.52
50 .198 .130 1.52
50 .297 .195 1.52
S0 .396 . 260 1.52
50 +495 . 325 1.52
50 +990 .650 1.52
25 1.485 . 975 1.52
25 1.980 1.300 1.52
25 2.475 1.620 1.53

Interferences

A study was made of the possible interference of other alloying ele-
ments on the determination of molybdenum. The only information available
‘in the literature was on the interference of columbium in the method of
Milner, Barnett, and Bacon. In this method the columbium is complexed with
oxalic acid to prevent its precipitation, Based on studies of interference
in the analysis of steels and titanium alloys it was not expected that there
would be interference from the common alloying elements, but the absence of
interference could not be assumed without investigation,

A sample of a binary alloy of uranium and molybdenum containing 1,94%
molybdenum was dissolved in acid, and aliquots containing 50 mg of the
alloy were taken. To these aliquots were added 12 common alloying elements,
as shown in Table II. This experiment was performed in duplicate. Although
the only ternary alloy with molybdenum so far submitted for test has been
a 0.5Mo-0.5Cb uranium alloy it was decided to study the interference of
certain of these 12 elements at the 5 percent level and others at the 1 per-
cent level. Aluminum, chromium, iron, manganese, nickel, tin, titanium,
vanadium, and zirconium were tested at the 5 percent level, and no inter-
ference was found. At the 1 percent level, copper, columbium, and tungsten
did not interfere. These percentages are believed to be the maximum normal limits for
these elements to be encountered in uranium-molybdenum alloys. Copper
thiocyanate does precipitate but is readily filtered out. Columbium stays
in solution under normal conditions of the analysis, and tungsten is held
in solution by the addition of phosphoric acid.

Accuracy and Precision

No standards are available by which the accuracy of the method can be
measured. An estimate of the accuracy was gained by determining the molyb-
denum content of five uranium alloys by both the spectrophotometric proce-
dure described in this report and by precipitation of the molybdenum with
alpha-benzoinoxime. The alpha-benzoinoxime procedure is standard for the
analysis of steels and other alloys and can be assumed to be as accurate
as any of the available methods of determining molybdenum. It is not used
for analysis generally, since as a gravimetric method it is somewhat time
consuming compared to spectrophotometric procedures. Table III lists the
results obtained, in duplicate experiments, on the five samples by both
methods. The agreement between the two methods is very satisfactory and is
considered sufficient for most purposes.

-6-



TABLE 11

EFFECT OF OTHER ELEMENTS ON THE DETERMINATION
OF MOLYBDENUM IN URANIUM

Element ng Added 01::;1: : ' Percent
Added Form as Metal Added Mo Found
None - : - 154
Aluminum Metal gg g:g i:g:
Chromium KyCry0, %3 g:% i:gg
Colunmbium Metal g }:8 i:g:
Copper Metal g i:g {:gi:
Iron Metal 2 ] 1:9%
Nanganese Netal %g g:g i:gg
Nickel NiSO, 2 i 1 g:
Tin Netal gg g:g i:gf
Titanium Metal 28" 30 1:94
Vanadiun NH VO, 23 38 1:94
Tungsten Na,¥0, g i:g i:gg
Zirconium Metal %g 328 ing

*Colored test solution was filtered to remove NaSCK precipitate.

. TABLE III
COMPARI SON OF RESULTS FOR PERCENT MOLYBDENUM
% Mo % Mo
Sample No. Alpha-benzoinoxime Thiocyanate Complex
L-SB 0.50, 0.51 0.50, 0.50
CSTLCOS 2.00, 1.93 1.91, 1.92
C-6B 2.44, 2.44 2.41, 2.43
C-9 8.60, 8.59 8.54, 8.54
L-10 9.48, 9.47 9.45, 9.42

-T-




Discussion and Conclusions

The spectrophotometric method presented here is rapid, accurate, and
simple to use. Six seamples of uranium can be analyzed for molybdenum in
1-1/2 hours compared to 8 hours by the alpha-benzoinoxime method. The
‘lpectrophotometric method is convenient to use since the reagents and equip-
ment required are the same as those used for the determination of molybdenum
in steels and titanium. Since the procedure is straightforward it can be
handled by technicians with limited chemical background.

Details of the spectrophotometric method, as developed in this study,
are given in the Appendix.



APPENDIX

DETAILED PROCEDURE FOR THE SPECTROPHOTOMETRIC
DETERMINATION OF MOLYBDENUM IN URANIUM

Scope

This method is applicable to uranium alloys containing molybdenum.
It has been used for determining molybdenum in the range of 0.50% to 11.6%,
but with proper aliquots the percentage may be lowered or extended. None
of the alloying elements usually found in uranium interferes.

Aggaratus

1. Beckman Model B Spectrophotometer.

2, 1l-cm rectangular cells.

Reagents
1. HC104 (60%) .

2. Iron Perchlorate Solution (.0025 g Fe per ml), - Dissolve 2.5 g of
pure iron wire in 50 ml of HC104 (60%) and evaporate to fumes. While still
hot add 100 ml of HCHQ4, cool, and dilute to 1 liter with HC104.

3. Sodium Thiocyanate Solution (10%), - Dissolve 100 g of NaSCN in
water and dilute to 1 liter.

4. Stannous Chloride Solution (25%), - Dissolve 500 g of SnClg. 2H,0 in
400 ml of HCl. Digest on a hot plate until a clear solution is obtained.
Cool and dilute with water to 2 liters. Add 5g of metallic tin.

5. RBReagent Mixture - Mix 1 part of the sodium thiocyanate solution
with 2 parts of the stannous chloride solution, as needed. Filter through
a Whatman No. 12 fluted paper or equivalent.

6. Standard Molybdenum Solution - Dissolve 0.186 g of ammonium
molybdate, (NH4)6M07024-4H20, in 800 ml of water. Transfer to a l-liter
volumetric flask, dilute to the mark with water, and mix. This solution
should contain approximately 0.1 mg of Mo per ml. Standardize the solu-
tion gravimetrically as described in the 1956 Book of ASTM Methods for
Chemical Analysis of Metals, page 32.

Procedure

1. Transfer 0,500 g of sauple to a 150-ml beaker. Cover with a watch
glass. Add 10 ml of HCl1 (1:1) and heat gently.

2. Oxidize by the dropwise addition of HNO3 (Note 1) and boil for a
few minutes until a clear solution is obtained.

A-1



3. Cool, transfer to a volumetric flask (Note 2). Transfer a 10-ml
aliquot to a 100-ml Pyrex volumetric flask.

4. Add 20 ml of the iron perchlorate solution and 5§ ml of HCIO,
(Note 3).

S. Heat the sample until the perchloric acid is fuming strongly above
the neck of the flask.

6. Cool, add approximately 25 ml of water, mix, and cool.

7. Add 30 ml of the reagent mixture and immediately mix by awirling.
Dilute to the mark with water, mix, and allow to stand for 10 minutes
(Note 4).

8. Prepare the reference solution as follows: place 25 ml of water
and 25 ml of HC104 in a 100-ml volumetric flask, mix, and cool; add 30 ml
of the reagent mixture, dilute to the mark with water, and mix well,

Photometry

Set the instrument at 510 mu and obtain correction for cells by filling
the l-cm cells with water. Cell No. 1 is set at .000 absorbance, and the
remaining cells are read against this cell. Any deviation from the .000
absorbance is recorded for each cell and later applied as a correction to
the absorbance reading of the unknown. Transfer a portion of the reference
solution to Cell No. 1, adjust the instrument to read .000 absorbance, and
read the unknown solutions against the reference solution.

Determination of Factor

To determine the factor (mg of Mo/absorbance), dissolve 0.500 g of
unalloyed uranium according to Steps ! and 2 of "Procedure,” Cool, transfer
to a 100-ml volumetric flask, dilute to the mark, and mix. Transfer 10-ml
aliquots to seven 100-m]l Pyrex volumetric flasks., Add 0, 1, 2, 3, 4, §,
and 10 ml of the standard molybdenum solution to the flasks containing the
equivalent of 50~-mg portions of the uranium and continue with "Procedure,"
starting with Step 4, and with "Photometry.” Calculate the factor by
averaging the values of the ratio, mg of Mo/absorbance. The factor, which
should be determined exactly for each spect rophotometer used, is approxi-
mately 1,5,

Calculation
Molybdenum, percent = A 'B£ x C x 100

where

factor
milligrams of sample used

absorbance reading c
correction for cell D

~-]
non

A-2



Notes

1. The sample does not have to be completely dissolved before the
addition of the HNO3. The HNOj speeds up dissolution of the sample.

2. If the sample contains 3% molybdenum or under, transfer the sample
to a 100-ml volumetric flask; if 3 to 6% molybdenum, to a 200-ml volumetric
flask; and if over 6% molybdenum, transfer to a 500-ml volumetric flask.

3. If an appreciable amount of tungsten is present, add § ml of
H3PO4 before fuming the sample with HC10,.

4. If copper is present, the solution is filtered through a dry
Whatman No. 42 filter raper to remove any precipitate of copper thiocyanate.

A-3



9.

10.

REFERENCES

HILLEBRAND, W. F., LUNDELL, G. E. F., BRIGHT, H. A., and HOFFMAN, J. I.,
Applied Inorganic Analysis, p. 313, New York, John Wiley & Sons, 1953

Ibid. p. 310.
Ibid. p. 307.

STERNER, J., "Spectrographic Quantitative Analysis of Molybdenum in
Steels,” Watertown Arsenal Report WAL 122/4-1, (18 September 1936).

SANDELL, E. B., Colorimetric Determination of Traces of Metals, p. 455,
New York Interscience Publishers, Inc., 2nd Edition, 1950,

RODDEN, C. J., Analytical Chemistry of the Manhattan Project, p. 450,
New York, McGraw-Hill Book Co., Inc., 1950.

BACON, A. and MILNER, G. W. C., “The Determination of Molybdenum in its
Binary Alloys with Uranium by High-Precision Spectrophotometry,’ Analytica
Chimica Acta, 15, p.- 573, (1956).

MILNER, G. W. C., BARNETT, G. A., and BACON, A., "The Determination of
Niobium and Molybdenum in Uranium Ternary Alloys," A.E.R.E. C/R 1805,
Harwell, Berks, (1956).

MURRAY, W. K., "The Determination of Molybdenum in Alloy Steels and
Cast Irons by Means of a Spectrophotometer,” WAL 310/52, (11 July 1945).

Metallurgical Advisory Committee on Titanium, Information Bulletin
No. T8, Part I, "Recommended Methods of the Panel on Methods of
Analysis," (25 May 1955).



WATERTOWN ARSENAL
TECHNICAL REPORT DISTRIBUTION

Report No.: WAL TR 425/1 Title: *“Spectrophotometric Determination of
Molybdenum in Uranium Alloys"

To: No. of Copies

Commanding Officer
Watertown Arsenal
Watertown 72, Mass.
Attn: ORPBE-L, Tech. Info. Section
ORDBE-LC, Analytical Chem. Br. 1
Rodman Laboratory
OMRO, PS&C Division
Author

P b= O N

Office, unief of Ordnance

Department of the Army

Washington 25, D. C.

Attn: ORDTB-Res. & Materials 1

Commanding General

Frankford Arsenal

Philadelphia 37, Pa,

Attn: Pitman-Dunn Labs, 2

Commanding General
Picatinny Arsenal
Dover, New Jersey
Attn: "FREL 1

Commanding Officer

Rock Island Arsenal

Hock Island, Illinois

Attn: Laboratory 1

Commanding Officer

Springfield Armory

Springfield 1, Mass,

Attn: ORDBD.TX 1

Commanding General

Aberdeen Proving Ground

Aberdeen, Maryland

Attn: Ballistic Research Lab, 1

Commanding Officer

Watervliet Arsenal

Watervliet, New York

Attn: ORDBF-RT 1



To:

No. of Copies

Commanding General
Detroit Arsenal
Center Line, Mighigan
Attn: ORDMX-BMW
ORDMX-AL

Commanding General
Ordnance Weapons Command
Rock Island, Illinois
Attn: ORDOW-TX

Commanding General

Redstone Arsenal, U, S, Army
Redstone Arsenal, Alabama
Attn: Technical Library

Commanding General

Army Ballistic Missile Agency
Redstone Arsenal, Alabama
Attn: ORDAB-DV

Commanding General
Ordnance Ammunition Center
Joliet, Illinois

Attn: ORDLY-AR

Commanding General

Ordnance Tank-Automotive Command
1501 Beard Street

Detroit 9, Michigan

Attn: ORDMC-RM.1

Commanding Officer

Diamond Ordnance Fuze Labs,

Washington 25, D. C.

Attn: Tech., Ref. Section
ORDTL 06.33

Commanding Officer

Office of Ordnance Research
Box CM, Duke Station
Durham, North Carolina
Attn: ORDOR-ED

Chief, Bureau of Aeronautics
Department of the Navy
Washington 25, D. C.

Attn: TD Division

i



To: No. of Copies

Chief, Bureau of Ordnance

Department of the Navy

Washington 25, D. C.

Attn: RE-8a 1

Chief, Bureau of Ships

Department of the Navy

Washington 25, D. C.

Attn: Code 592 1

Director, Naval Research Lab.

Anacostia Station

Washington 25, D. C.

Attn: Tech. Info., Officer 1

Chief, Office of Naval Research

Department of the Navy

Washington 25, D. C.

Attn: Code 423 1

Commander, Naval Proving Ground

Dahlgren, Virginia

Attn: A&P Lab. 1
Mr. L. Flaer 1

Chief, Naval Eng. Exp. Station
Department of the Navy
Annapolis, Maryland 1

Commander

Armed Services Technical Info.' Agency
Arlington Hall Station

Arlington 12, Virginia 5

Commanding General

Wright Air Development Center

Wright-Patterson Air Force Base, Ohio

Attn: WCRTO 1
WCRRL 1

National Aeronautics & Space Administration
1520 H Street, N. W. -
washington 25, D. C. 1

Jet Propulsion Laboratory

California Institute of Technology

4800 Oak Grove Drive

Pasadena, California

Attn: Dr. Leonard Jaffe 1



To:

No.' of Copies

British Joint Services Mission
1800 K Street, N, W,
Washington, D. C,

Acttn: Technical Services Dept,

Canadian Army Staff

2450 Mass, Ave.
Washington 8, D. C.

Attn: GSO-I, A&R Section

Chief, Bureau of Mines
Eastern Research Station
College Park, Maryland

Commanding General
Corps of Engineers
Fort Belvoir, Virginia
Attn: Eng. B&D Labs,

Atomic Energy Commission
P.' 0.  Box 62

Oak Ridge, Tennessee
Attn: Library

Defense Metals Information Center
505 King Ave.

Columbus, Ohio

Acttn: Mr, C. B. Voldrich

University of California

Los Alamos Scientific Laboratory

P. O, Box 1663

Los Alamos, N, M,

Attn: C. F, Metz, Group Leader,
Analytical Chemistry

U. S, Atomic Energy Commission
New Brunswick Laboratory
P.- 0.  Box 150

New Brunswick, N, J.

Attn: C. J. Rodden, Area Manager

Argonne National Laboratory
P, 0. Box 299

Lemont, Illinois

Attn: W, R. Manning



To:

No. of Copies

North American Aviation, Inc,
Atomic Energy Research Dept.
P. 0. Box 309

Downey, California

Phillips Petroleum Company
Atomic Energy Division

P. O, Box 1259

Idaho Falls, Idaho

Western Uranium Project
Lucius Pitkin, Inc,
Grand Junction, Colorado

Nuclear Metals, Inc.
West Concord, Mass,
Attn: E. B. Read

National Lead Company
P. 0. Box 158

Mt., Healthy Station
Cincinnati 31, Ohio
Attn: J., W, Robinson

Weostinghouse Electric Corp.
Bettis Atomic Power Div,

P, 0. Box 1468

Pittsburgh 30, Pa,

Attn: G, W, Goward

Chase Brass & Copper Co.
Waterbury 20, Conn.
Attn: Mr. J, J. Aldrich

Research & Development Labs.

Allegheny Ludlum Steel Corporation

Brackenridge, Pa,
Attn: Mr, D. P. Bartell

Lucius Pitkin, Inc.
47 Fulton Street

New York 38, N, Y,
Aten: Dr, R, H, Bell

Clevite Research Center
540 East 105th Street
Cleveland 8, Ohio

Attn: Mr. E. Benko



To: No.' of Copies

Pratt & Whitney Aircraft

Materials Laboratory

Florida Research & Development Center

United, Florida

Attn: Mr, S, Bonifazi 1

U.' S.  Department of Commerce
National Bureau of Standards
Washington 25, D. C.
Attn: Mr, H, A, Bright

Mr, J. L, Hague

[

Curtiss-Wright Corporation

Wright Aeronautical Division

Chemical Engineering Sectién

Wood-Ridge, New Jersey

Attn: Mr, J. Carnevale 1

Armour Research Foundation

Technology Center

Chicago 16, Illinois

Attn: Dr, R, A, Carrigan 1

Battelle Memorial Institute

505 King Ave,

Columbus 1, Ohio

Attn: Mr. D. L., Chase 1

Chemistry Dept. Res, Lab, Division

General Motors Corporation

Post Office Box 188

Detroit 2, Michigan

Attn: Mr., M, D. Cooper 1

Columbia-National Corp.

P. 0. Box 1247

Pensacola, Florida

Attn: Mr, W. A. Dupraw 1

Iowa State College

Department of Chemistry

Ames, Iowa

Attn: Professor V. A. Fassel 1

Mallory-Sharon Metals Corp.
Niles, Ohio
Attn: Mr. J. E. Griffin 1



To: No.' of Copies

Bell Telephone Laboratories
Murrﬂy Hill, No Jo
Attn: Mr. W. G, Guldner 1

Westinghouse Research Corporation

Research Laboratories

Beulah Road, Churchill Boro

Pittsburgh 35, Pa,

Attn: Dr, W, F., Harris 1

Research & Eng. Div,, Spec. Proj. Dept.
Monsanto Chemical Co.

Everett Station

Boston 49, Mass,

Attn: Dr, I, B. Johns 1

Republic Steel Corp.

South Division

Canton 1, COhio

Attn: Mr. R, W. Jones 1

Ledoux & Company, Inc.

359 Alfred Avenue

Teaneck, New Jersey

Attn: Mr, S, Kallmann 1

Flight Propulsion Lab, -

Dept. Applied Research Operation,

Bldg. 200, General Electriec Co.

Cincinnati 15, Ohio

Attn: Mr, H, Kirtchik 1

Wyman-Gordon Company
Worcester 1, Massachusetts
Attn: Mr. A, Laverty 1

National Research Corporation

70 Memorial Drive

Cambridge 42, Mass.

Attn: Mr, L, E. McGowan 1

E.- I.' Du Pont De Nemours & Co., Inc.

Pigments Dept., Experimental Station
Wilmington, Delaware

Attn: Mr, T. D. McKinley 1

Titanium Metals Corp.

P, 0. Box 2128

Henderson, Nevada

Attn: Mr, M, J, Miles 1



To: No. of Copies

Aluminum Company of America
Alcoa Research Laboratories
P, 0. Box 772

New Kensington, Pa.

Attn: Mr, A, Logan Miller

Solvay Process Division
Allied Chemical & Dye Corp.
Syracuse, New York

Attn: Mr, G. Oplinger

Fairchild Engine Division
Fairchild Engine & Airplane Corp.
Deer Park, Long Island, N. Y,
Attn: Mr, M. S. Pepi

A. O, Smith Corporation
P, 0. Box 584

Milwaukee, Wisconsin
Attn: Mr, W. J. Poehlman

Metals Research Laboratories
Electro Metallurgical Co.
4625 Royal Avenue

Niagara Falls, New York
Attn: Mr. G. Porter

Titanium Division

Crucible Steel Co. of America
P, 0. Box 226

Midland, Pennsylvania

Attn: Mr. R. L., Rudolph

P. R. Mallory Co., Inec.
Indianapolis 6, Ind,
Attn: Mr, Fred H, Sauer

Harvey Aluminum, Inc,
19200 So. Western Ave.
Torrance, California
Attn: Mr, L, A. Searing

Research Department

New Jersey Zinc Company (of Pa.)
Palmerton, Pennsylvania

Attn: Mr,. B. A, Shippy



To: No.' of Copies

Main Laboratory

The Dow Chemical Company

Midland, Michigan

Attn: Dr. S. A, Shrader 1

U. S. Department of the Interior

Bureau of Mines

500 Date Street

Boulder City, Nevada

Attn: Mr, T. A. Sullivan 1

Sam Tour & Company, Inc.

44 Trinity Place

New York 6, New York

Attn: Mr, S, Tour 1

Naval Research Laboratory
Washington 25, D. C.
Attn: Mr, D, I. Walter 1

National Spectrographic Labs., Inc,

6300 Euclid Avenue

Cleveland 3, Ohin

Attn: Mr., L, E. Zeeb 1

TOTAL COPIES DISTRIBUTED -114



‘3
sqodep

sk|eue
Jiwayd
sko e
niuesp

SSYIINN

*4 -3
Jsqosep

1skjeue
esjwaya
‘skojje
Enjuelq

1SSYIINN

T

T

fn

E

SNOILVLIMIT NOLLNGINLISIQ ON

*skoj|® wnjuesdn ul wnuap

—qkjow ;0 uOl3}BULWIAIIP By} 403 uaa}b sy aisnpasosd
Paj1e33pP ¥V "SIudWa|d %cwso_-m Kq saduasajiajul wouy
9344 pue ‘ajesndoe ‘pides aq 03 umoys sem 3| -“skojje
wnjuean o3 payjdde sem yoj3desIX2 3NOYI|M wnuapghjow
40 uOljRuUlwldIapP 3}eLeAI01y] D1a3owozoydosydads ays

% 340day paijisse|oun
4G8-ZNL {04d 00 “9T0-G¢T-2T¢ fcad va “xipuadde - snjjy
- sajqe; - dd 6 ‘4GET JAY T/GZhH ¥l TvM *ON 3uoday

uosqodep °4 °*3 ~ SAQTIV KNINvVYN
NI WNN3QSATON 40 NOILVNIWE3IL3CQ DIYLINOLOHdON¥LDIdS
*Ssey ‘C. uwojiaiem ‘s314032J0QR7 |BUISJY UMOYIsaeM

Te4cic av

*ON UO|S5339Y

ese . oo r - ee® -, D 60 . 2

SNOILYLINIT NOILNGIYISIG OoN

*skoj|® wnjuesn uj wnuap

—qAjow jo uojjeujwia}ap ayjy 403 udaib sy asnpasoud
Pajjelap v °"sjuawaias Buikojje Aq saouduaziajul wouy
3943 pue ‘ajesndde ‘pides aq O3 umoys sem 3 *skojje
wniuean 03 pajjdde sem uo|33ea3Xd INOYIIM wnuapqgk|ow
30 uolieUjwWIIIIP 23euedd0)y3 21s33wojoydosysads ayy

340day pajgissejoun
608-ZNL fo3d 00 ‘8T0-6T-2T¢ foud va ‘xjpuadde - snj;
- sajqey - dd § ‘6G6T 4dy ‘T/3Zh ¥L TvM *ON 3a0day
uosgodep °3 3 - SA0TIY WNINVYEN

N1 WNN3QSATON 40 NOILVNIWY3L3G D IM1INOLOHdO¥LDIdS
*ssey ‘Z[ UMO31J93EBM .ww_Loumuuamd JBUSS.Y umolialep
"CN uo|1ssadoy ﬁﬂmNﬂN ay

uyae

‘uosqosep -

Q3141SSYIONN

‘uosqooep °1

°d

"3

siskjeue
| 221w3ys
‘shoje
wnjuesq

stskjeue
1e21wayd
fsko|je
wniuesp °T

Q314 ISSYTINN

a0e s .-

°4

"3

.,ngo...|r .t

SNOILYLINIT NOILNGIYWLSIG ON

*skojje wnjuesn ur wnuap

—qkjow ;0 UD13BUIWIAIIIP By} 40} uaalb si| asnpaosoud
Paii1R3ap v °s3juswaj3 Suifopje Aq s3dusaagiazul wouay
3943 pue ‘ajesndde ‘pides sq 03 umoys sem 3| *shojge
wnjuesn o3 paijdde sem LOI3ORIIXI LNOYIiM wnuspgkjouw
40 uoljeutwaayap ajeueds0iyy 21s3sworoydosysads ayl

3doday pajiissejoup
‘hG08-ZNL fou4d 00 “8T0~GT-2T§ (oJ4 va “xipuadde = sniy1
= s@®jqe3 = dd § ‘6G8T 4dv *T/GZh ¥L TVM Oy 3as0day

uosqoedep °4 3 — SAQTIV ANINVYEN

NI WAN3QEATOW 40 NOILYNIW¥3L3Q JI¥LINOLOHdON1D3dS
*ssey ‘Z/ umojsoeleM ©5211031210QqRT [RU2SJY UMO}ia}eMm
"ON UO0{s$sSaloy 14G2te ay

T vese - LI M - @084 (9 " re 04 i

SNOLLYLIWIT NOILNGINLSIQ ON

*skojje wntuean uyi wnuap

—qAjow 30 uo|jEuiwia}ap 3y3 404 uaaib s1 asnpasdoud
PelleIdP ¥  “s3ucwa|d Butkojje Ag sadususzsaju; wosy
9943 pue “3jesndoe ‘pides ag O3 umoys sem 3} *skojje
wnjuesn 03 pajjdde ses uO|3}VBIIXD INOYIIM wnuapqghjow
40 uoljeujwiszap ajeurkd0iyy 21s3awozoydosysads ayl

3J40day paijissejoup
‘hG03-2NL fo4d 00 “STO-¢T~2T¢ [oad va “xjpuadde = snjy
- sajqey - dd § ‘GGET 4dv ‘T/GZTh YL TYMm *ON 3ioday

uosqode 4 °3 = SAQTIV WNINVYHN

NI WNN3QSATON 40 NOILYNIWNN3LIA Di¥LIMOLOHdONL{DIdS
*sse ‘7l umojsajem ‘s31403040Q27 |2udSLY UMOIIBIEM
*ON uOISSad9yY T¢sztz 4V




